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Objective. To develop and validate an evaluation tool to assess student pharmacists’ performance in
a simulation scenario involving a patient with Clostridium difficile infection (CDI).
Methods. The authors used an expert panel review process to establish content validity of the tool.
Four faculty members used the tool to evaluate student pharmacist groups during 2011 and tested a
modified version of the tool in 2012. The authors analyzed the results for each year to determine
internal consistency and inter-rater reliability.
Results. The 2011 tool demonstrated sound internal consistency, but several items had poor inter-rater
agreement. The revised 2012 tool demonstrated acceptable internal consistency and good to excellent
inter-rater agreement for all items except one.
Conclusions. The tool facilitated reliable assessment of student pharmacists’ clinical decision-making
during simulation performance involving a patient with CDI.
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INTRODUCTION
Assessment activities surrounding human patient

simulation have focused on enhancing student pharma-
cists’ exposure and confidence related to situations that
occur in clinical practice. The majority of simulation ac-
tivities incorporate formative feedback while providing
student pharmacists the opportunity to practice skills
and integrate various aspects of knowledge, communi-
cation, professionalism, and clinical application.1 Educa-
tors commonly use survey data from learners to evaluate
simulation-based activities.2 Educators are also using pre-
and post-knowledge testing more frequently.3-6

Effective assessment of clinical performance and
critical thinking with simulation requires pharmacy edu-
cators to move beyond satisfaction and self-efficacy sur-
veys and knowledge assessments to the development of
reliable, valid tools to assess student performance dur-
ing the simulation. This effort is becoming even more
relevant as doctor of pharmacy (PharmD) curricula be-
comes more competency based. This transition is partly
in response to the Accreditation Council for Pharmacy

Education’s (ACPE) recently approved Appendix D,
a list of “must have” abilities indicating a student phar-
macist’s readiness to enter advanced pharmacy prac-
tice experiences (APPEs). The pre-APPE domains and
abilities outlined in Appendix D require evidence of
student pharmacist achievement of specific performance-
based competencies prior to entering APPEs or clerk-
ships.7 Furthering the necessity for sound assessment
practices to determine competency is that ACPE allows
simulation-based activities to count for up to 20% (ap-
proximately 60 hours) of total introductory pharmacy
practice experience.8

Basic components during the development of valid
assessment tools include determination of content and
construct validity and inter-rater reliability. Validity is
a tool’s accuracy in measuring what it was intended to
measure. An accepted procedure is to use clinical experts
to establish both content and construct validity. For con-
tent validity, the experts review the criteria in the tool and
provide feedback regarding the appropriateness of the
items and the keymeasurements required to evaluate each
item. For construct validity, the experts assess how well
an action represented the concept being evaluated.2 Fi-
nally, the experts ensure that all important items are in-
cluded on the tool and provide feedback regarding the
relevance and importance of the items.
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Once the tool is developed, the next step is to estab-
lish its reliability. Reliability refers to the tool’s ability to
provide scores that are substantially free of measurement
error. Of the many types of reliability that can be deter-
mined, inter-rater reliability is critical to establish when
assessment of student learningwill be conducted bymany
different graders from various clinical backgrounds. Inter-
rater reliability is typically assessed when multiple raters
independently evaluate the same performance using the
same tool.

Facultymembers at theWashington State University
College of Pharmacy, initiated simulation-based activi-
ties within the PharmD curriculum during 2007. One of
the initial simulation scenarios implemented was an in-
fectious disease case related to Clostridium difficile in-
fection (CDI).We selected this content area because of its
importance to the healthcare system.Clostridium difficile
is a widespread disease within healthcare systems and is
the leading cause of nosocomial diarrhea.9

As part of the patient care team, pharmacists must/
should understand the appropriate management of CDI.
Pharmacists can play a critical role in identifying unwar-
ranted agents that promote colonic stasis. Health care pro-
viders should avoid use of agents that reduce gastric
motility in patients with CDI because of the potential risk
of severe complications such as toxic megacolon.9 Phar-
macists can assist with treatment optimization, thereby
reducing the infectious spread of CDI to other patients.
A multidisciplinary CDI reduction team led by a pharma-
cist was associated with a reduction in the rate of CDI
within the Huntsville Hospital System.10 As healthcare
professionalswith direct patient contact, pharmacy person-
nelmust actively use proper infection control procedures to
prevent the nosocomial transmission of this pathogen.

We developed a simulation evaluation tool, including
proper infection control procedures and therapy optimiza-
tion, to address the role of the pharmacist in appropriate
treatment of CDI. Despite the expansion of simulation-
based teaching methodologies, few studies have been
published in the pharmacy literature regarding the valida-
tion of simulation assessment tools. Thus, the purpose of
this study was to validate the evaluation tool with a spe-
cific focus on establishing content validity and inter-
rater reliability.

METHODS
The WSU Institutional Review Board granted “ex-

empt” status to this study as normal education practice
conducted in an established educational setting.We com-
pleted the tool validation process over a 2-year period,
beginning in fall 2010, with content validation, tool cre-
ation, and preliminary testing in spring 2011, followed by

tool revision and further testing in spring 2012. The tool
developers identified the following 6 content domains
which they believed were important to include on an as-
sessment tool: isolation precautions, assessment of home
medications and current medication orders, appropriate
monitoring parameters, evaluation of diagnostic results,
accurate treatment of CDI, and appropriate supportive
care. We used a deductive process to develop individual
items for each content domain. A 6-person clinical expert
panel that included 3 infectious diseases pharmacists, 1
infectious diseases physician, 1 internal medicine phar-
macist, and 1 postgraduate year 1 (PGY1) pharmacy res-
ident reviewed the 6 content domains and their associated
items.

The experts evaluated the items in the 6 content do-
mains, rating each as critically important, important, not
very important, or not important at all. Additionally, they
suggested revisions to existing items and identified
missing items. The expert reviewers also ranked items
of pharmacist-specific patient care in order of importance
relative to each other. Based on the results of the expert
review, we developed the first 18-item draft of the check-
list style tool, including the assignment of point distribu-
tion on the tool.

We used the initial draft tool to evaluate the perfor-
mance of 24 student pharmacist groups during the spring
2011 simulation. Each simulation session was video
recorded and saved in digital format to a secure university
server. Four raters independently assessed student perfor-
mance from the video recordings. We analyzed 4 indepen-
dent raters’ summed scores across the items to determine
the internal consistency and reliability of the entire evalu-
ation tool, as well as for individual items. The tool vali-
dation team reviewed the results from the 2011 spring
semester analysis and revised the tool. The revised tool
(Appendix 1) with 19 check-list items, was then used to
evaluate the performance of 31 student groups during
2012 spring semester. The video-recordings and the in-
dependent video-recording rater processes were consis-
tent with the methods used in 2011. Teammembers again
reviewed the overall tool and each item and compared it to
the previous tool to determine if its performance had im-
proved. Special focus was given to the items regarding
accurate therapy to determine if those had changed from
the previous tool.

The course faculty members created an education
module to introduce second-year student pharmacists to
a hospitalized patient with CDI. The educational module
was delivered in an applied patient care laboratory which
included a 1-hour tutorial followed by a 2-hour labora-
tory component. The student pharmacists were required to
read Clinical Practice Guidelines for Clostridium difficile
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Infections in Adults prior to tutorial and laboratory. In ad-
dition, prior to the laboratory session, course faculty mem-
bers provided the students with the patient’s admission
note from the physician. 11 Learning objectives for the
CDI simulation included that after completion of the
module, the student would be able to do the following:
(1) list risk factors for CDI, (2) recommend appropriate
CDI therapy, (3) indicate measures used for supportive
care and identify medications that should be avoided or
usedwith caution, and (4) establish appropriatemonitoring
parameters to evaluate the therapeutic improvement or
treatment failure of a patient. The tutorial included a brief
orientation to the CDI case, a review of the patient chart,
and a review of a simulation confidentiality statement.

Student pharmacists were divided into teams of 3 to
4 students. The simulation began with a brief interaction
with the facilitator who provided a short, scripted intro-
duction describing the simulated patient case setting. The
student pharmacists began the simulation by conducting
a chart review at a mock nursing station. They then en-
tered the patient room and performed a patient interview.
Immediately following the patient interview, the facilita-
tor entered the patient room where 1 of the student phar-
macists on the team initiated a short, informal patient case
presentation. The facilitator encouraged other teammem-
bers to participate by adding relevant information to the
presentation. After the students completed the simulation,
the facilitator conducted a short debriefing and discussion
with the student pharmacists in a separate conference
room. During the debriefing, the facilitator evaluated the
student pharmacists’ performance and provided formative
feedback.

The simulations were conducted over 2 days. The
same basic patient case was used for all simulations but
the patient medical record and outcome were changed
between days to limit the impact of discussion between
student pharmacists who had completed the simulation
and those who had not. In one case the patient’s condition
deteriorated and he did not respond to the initial therapy of
metronidazole. For the second case, the patient improved
with the initial therapy. Each scenario provided opportu-
nity for the student pharmacists to obtain pertinent infor-
mation from the patient, practice appropriate infection
control procedures, modify drug therapy regarding dura-
tion and dosing, and discontinue contraindicated therapy.

The statistical analyses were consistent for both the
2011 and 2012 tool versions. Summed scores across all the
items from4 independent raterswere analyzed usingCron-
bach alpha to determine internal consistency reliability of
the entire evaluation tool. We assumed the overall instru-
ment to be internally consistent at a Cronbach alpha value
.0.80.12,13

The summed scores were derived from dichotomous
ratings per item by each rater (1 5 aspect observed, 0 5
aspect not observed). Cronbach alpha across all raters for
all groups was calculated as well as for groups with the
“deteriorating” patient and those with the “improving”
patient. Observed percent agreement values amongst the
4 raters per item across all scenarios were calculated.
Gwet’s first-order agreement coefficient, AC1, was used
to estimate chance-adjusted agreement among the 4 raters
for each item on the evaluation.14,15 AC1 uses a chance-
agreement probability that is calibrated to the propensity
of random ratings estimated from observed ratings. Un-
like other measures of chance-adjusted agreement, such
as Cohen’s Kappa, AC1 is not distorted by high (or low)
prevalence of the trait being rated; thus, it represents an
unbiased estimate of ‘true’ inter-rater agreement.16,17 Con-
fidence intervals for AC1 were derived with unconditional
variance estimates in order to characterize precision of
the agreement coefficients to the general population of
raters. Items with AC1 values below 0.60 were scruti-
nized for revision. All calculations were performed with
SAS software.18

RESULTS
The experts rated accurate treatment of CDI and as-

sessment of homemedications and currentmedications as
critically important. They rated all other domains as im-
portant. The experts ranked themost relevant pharmacist-
specific patient-care item as accurate treatment of CDI
followed by, in order of decreasing importance, evaluation
of home and acute care medication orders, patient moni-
toring, evaluationofdiagnostic tools, isolationprecautions,
allergy status, and estimation of renal function.

Results from 2011 Tool
Cronbach alpha for all groups across both scenarios

(n 5 23 groups) was 0.887. Cronbach alpha for the sce-
nario in which the patient was decompensating (n 5 14
groups) was 0.932; and for the scenario in which the pa-
tient was improving (n5 9 groups) was 0.779. In general
themagnitude of Cronbach alpha indicated sound internal
consistency across scenarios and for scenarios with a pa-
tient who was deteriorating or improving.13

Gwet’s AC1 inter-rater agreement coefficients plus/
minus the standard error for each item across the overall
scenario, as well as for the decompensating and the im-
proving patient, ranged from 0.976 0.3 (high agreement)
for “exhibited professional behavior” to 0.296 0.29 (low
agreement) for “general wellness” between the 4 raters.
Table 1 reflects the items identified for revision on the
2012 version of the tool. The table identifies the disposition
of those items.The item, “followed simulationguidelines,”
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was removed from the tool because of a perfect inter-
rater reliability and a decision from the tool development
team that the item was nonessential. The item, “general
wellness,” was included on the tool to determine if student
pharmacists evaluated the patient’s total well-being. The
itemwas removed from the tool because of poor inter-rater
reliability and recognition that it was poorly worded, lead-
ing to multiple interpretations among raters.

Three items were revised to improve clarity in the
evaluation of appropriate drug therapy. The item “assessed
current medication orders” was separated into 2 items to
evaluate if the students were reviewing both the medica-
tion administration record (MAR) and evaluating home
medications. Review of theMARwas important to ascer-
tain if students were evaluating current inpatient drug
therapy, and the relevance of home medications was to
identify potential offending agents. The items “recom-
mend appropriate therapy based on severity” and “treat-
ment” were reconfigured into 4 distinct items focusing
on the students’ abilities to make a patient-specific drug
therapy recommendation for the treatment of C. difficile
disease, including specific drug, correct dose, correct
route, and correct duration.

Results from 2012 Tool
Cronbach alpha across all raters for all groups (n 5

31 groups) was 0.82. Cronbach alpha for the scenario in
which the patient was decompensating (n 5 17 groups)

increased to 0.86 and for the 14 groups who experienced
an improving patient (n5 14 groups), decreased to 0.75.
In general, themagnitude of Cronbach alpha indicated that
the tool had acceptable internal consistency, as a whole,
and for scenarios in which a patient was deteriorating or
improving.13

The magnitude of chance-adjusted agreement among
raters per itemwas good to excellent (. 0.696 0.09) with
the exception of item 18 which revealed only fair chance-
adjusted agreement for both scenarios (0.40 6 0.10).19

Table 2 highlights the performance of the revised items
on the 2012 tool.

DISCUSSION
Weconducted the study to determine the validity and

reliability of an evaluation tool designed for the purpose
of assessing student pharmacists’ skills during a simula-
tion scenario involving a patient with CDI. The final 2012
version of the simulation assessment tool was sound with
respect to content validity, demonstrated acceptable levels
of inter-rater reliability per item, and exhibited sound in-
ternal consistency, whether the scenario involved a patient
who was improving or deteriorating.

Potential weaknesses of the study were identified by
the team. Prior to using the 2011 and 2012CDI evaluation
tools, graders did not participate in norming sessions. By
discussing how the tool would be used, the raters may
have been able to identify a clear vision of the intent for

Table 1. Spring 2011 Tool – Analysis for Items with AC1 less than 0.60a

Inter-rater Agreement Coefficient (SE)a

Checklist Items
Both

Scenarios
Decompensating
Patient Scenario

Improving
Patient Scenario

Revisions of Checklist
Items for 2012 Tool

Followed simulation
guidelines (Item 1)

b b b Eliminated item: not essential for
determining student competency

Assessed Current Medication
Orders (Item 6)

0.57 (0.26) 0.52 (0.36) 0.59 (0.25) Revised item: Split into
2 separate items - review
of MAR for current hospital
meds and patient interview
for verification of home meds.

General Wellness (Item 13) 0.35 (0.22) 0.29 (0.29) 0.34 (0.30) Eliminated item: poorly worded
& not essential for determining
student competency

Treatment – Recommend
appropriate therapy
based on Severity (Item 17)

0.71 (0.14) 0.52 (0.22) 0.92 (0.10) Revised these 2 items: Developed
4 distinct items to address each
aspect of appropriate therapy –
drug choice, correct dose,
correct route, correct duration

Treatment – State Specific
Drug, Route and Duration
(Item 18)

0.49 (0.28) 0.55 (0.25) 0.42 (0.35)

a Reported as Gwet’s first-order agreement coefficients, AC1, to estimate chance adjusted agreement amongst the 4 raters for each item with
standard errors reported in parentheses.
b Chance agreement not calculable under conditions of 100% agreement.
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each item, potentially increasing inter-rater reliability.
Evidence of this was discovered with the “correct route”
item which demonstrated a low AC1 score. Student phar-
macists tended to leave the route out, particularly if they
were modifying the drug dose but retaining the original
route of administration. The route of administration was
often “implied.” Second, the evaluators then inconsis-
tently gave credit (or not) for route of administration used.
Some raters indicated that if the students did not explic-
itly state the route used, they did not give credit for it,
while others gave credit for the students when they im-
plied which route was used. This emphasizes the impor-
tance of including norming sessions during tool validation
processes.

During 2011, the audio was not recorded while the
students were reviewing the patient charts, and the video
capture of the patient charts was sometimes of a low qual-
ity. Video raters reported difficulty seeingwhat portion of
the chart was being reviewed and did not have the ability
to listen to discussions between student pharmacistswhile
evaluating the patient chart. During 2012, both audio and
video of the chart review were available for the raters to
review during the evaluation.

Traditional assessment of student learning relies
heavily on the ability of students to demonstrate achieve-
ment of knowledge-based content through the use of
written examinations. However, performance on a written
examination does not ensure competency in the provision
of patient-specific care. An example relevant to this sce-
nario is that student pharmacists may pass a written as-
sessment illustrating they understand the importance of

following isolation precautions when encountering in-
fectious material. However, whether they can incorporate
this knowledge into practice is unknown. Performance-
based assessment allows evaluation of this competency.
Assessment of performance “requires students to display
their learning. . .actively practice their skills and synthe-
size their knowledge.”20 In the area of advanced cardiac
life support (ACLS), checklists can be used to make valid
judgments of minimum competencies.21,22 Also, reliable
scores can be obtained through the use of an ACLS check-
list during a high stakes performance assessment, called
aMegacode, usedduringACLScertification.23To this end,
the need for valid, reliable assessment tools to evaluate
skills-based performance of student pharmacists during
simulation cannot be overstated, particularly as phar-
macy education programs are called to provide evidence
of competency/mastery of pre-APPE domains. Future
studies based on these results are needed to target the
best approach for using evaluation tools to set standards
of proficiency in pharmacy practice.

Additionally, there is a need to continue to define and
implement authentic assessments as a best practice in phar-
macy education. While there is not a single definition,
authentic assessment is defined by Frey and colleagues
as an assessment that is a “mirroring of real-world tasks
or expectations.”24 For healthcare workers our “real-
world” is the provision of patient care. Developing reliable
assessment tools for simulatedpatient casesmaybe thefirst
step to authentic assessment. Reliable assessment tools
must have a defensible cut point, consistent between raters,
and include content needed to treat a patient.25

Table 2. Spring 2012 Tool – Analysis of Revised Itemsa

Inter-rater Agreement Coefficient (SE)a

Checklist Items for 2012 Tool
Both

Scenarios
Decompensating
Patient Scenario

Improving
Patient Scenario Comments

MAR Review (Item 9) 0.93 (0.04) 0.92 (0.06) 0.95 (0.05) Revised from 2011 Item 6
(Assessed Current
Medication Orders)

Home Medications Assessed (Item 11) 0.83 (0.06) 0.85 (0.07) 0.90 (0.11) Revised from 2011 Item 6
(Assessed Current
Medication Orders)

State Specific Drug for treatment of
C. difficile disease (Item 16)

0.85 (0.06) 0.85 (0.08) 0.84 (0.10) Revised from 2011 Item 17
(Recommend appropriate
therapy based on Severity)
and Item 18 Treatment
(State Specific Drug,
Route and Duration)

Correct Dose for C. difficile
disease (Item 17)

0.72 (0.09) 0.67 (0.13) 0.78 (0.12)

Correct Route for C. difficile
disease (Item 18)

0.40 (0.10) 0.50 (0.15) 0.29 (0.13)

Correct Duration for C. difficile
disease (Item 19)

0.69 (0.09) 0.79 (0.10) 0.57 (0.17)

a Reported as Gwet’s first-order agreement coefficients, AC1, to estimate chance adjusted agreement amongst the 4 raters for each item with
standard errors reported in parentheses.
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CONCLUSION
Using the evaluation tool described for assessing a

Clostridium difficile infection simulation scenario, student
pharmacists were graded consistently among multiple
graders. Additionally student pharmacists were evalu-
ated on CDI content deemed important and relevant by
experts in the field. Establishing a valid, reliable assess-
ment tool to evaluate student performance during a sim-
ulation scenario lays the foundation for simulation to be
usedmore commonly as summative evaluation to ensure
that student pharmacists meet the pre-APPE core do-
mains and abilities.
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